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1. Executive summary

Due to the increasing use @&lobal Navigation Satellite System (GNSS) receivers (which are

now available in a multitude of models having varying levels of accuracy, error correcting

ability, and data quality documenting potential) by North Carolina state government agencies to
produ@ maps ofseographidnformationSystem (GIS) data sets, the Geographic Information
Coordinating Council (GICC) Statewide Mapping Advisory Committee (SMAC) has updated the

iSt atewi de Gl obal Positioning System (GPS) Dat
document to the more i ncl Glabhal MagigatiomBatekite Iygeomh ni ¢ a
Data Collection and damwmaentmment ati on Standar dso

GNSS is a genericame for satellite navigation systems that provide autonomous positioning
worldwide. GNSS includes:

e Global systems

System Country URL

Navigation Signal Timing and Ranging
Global Positioning SystefiNAVSTAR GP9

GLObal NAvigation Satellite System Russia http://www.glonass
(GLONASS center.ru/en/GPS/

http://www.esa.int/Our_Activities/

U.S.A. http://www.gps.gov/systems/gps/

Galileo E‘r’“rgﬁea” Navigation/The_future._
_Galileo/What_is_Galileo
Bediou or Compass China http://en.beidou.gov.cn/
¢ Regional systems
System Country URL
Indian Regional Navigation Satellite Systen : http://lwww.isro.org/satellites/irnss
India
(IRNSS) SpX
'\QAEJCisi:)Z”znlth Satellite System(QZSS) or Japan http:/Awww.qzs.jplen/

At the present timeMarch2014) GPS and GLONASS are the only satellitesed positioning
and navigation systems that are fudlyerational.

1 A GNSS receiver is a receiver that has been manufactured to receive signals from at least GPS
and GLONASS satellites and may or may not have been manufactured to receive signals from
WAAS, Galileo, Bediowr Compass, IRNSS, and/or QZSS satellites. Thus, these standards
will refer to satellitebased positioning, navigation, and timing receivers as GNSS receivers.


http://www.gps.gov/systems/gps/
http://www.glonass-center.ru/en/GPS/
http://www.glonass-center.ru/en/GPS/

Each state agency that collects locational data must understand that there may be other users of
the data (in the present and/or in the future) with even more stringent accuracy requirements than

their requirements. Therefore, each stateernment agency that collects locational data shall:
Ensure that their locational data collecting personnel have a strong foundation in GNSS

These minimum GNSS data collection and data documentation standards will have five (5)

theory and have been trained in the proper use of GNSS equipment.

Use either mappinrgrade or survegrade receers in GNSS data collection efforts where
horizontal accuracy ranging from five (5) meters to-sebtimeter is required or the data are

being collected for authoritative purposes.

For inventory (norauthoritative) type applications, a procedure deedrin Section 6 can be
used to collect noauthoritative information with a neprofessional grade receiver in lieu of
using a mapping or survayrade receiver. Such receivers can only be used when the
procedure in Section 6 is strictly followeddnsurethat the state standard for horizontal

accuracy has been met. Nprofessional grade receivers ag adequate foanystate
locational data collection for authoritative purposes. A-pariessional grade receiver

should not be used to collect vertiagalormation that is used for any state authoritative

application.

Test their GNSS receivers for accuracy daily if geodetic horizontal control monuments are

located at the place of work or near the project site. Testing should occur at a minimum

immediatey prior to and immediately following the conclusion of a project, and at a

minimum monthly.

Differentially correctGNSSdata (Figure 1) using peptocessing software or via a real time

correction service

Archive the digital products representingsithges of the GNSS data collection and
processing chain (e.g., uncorrected field files, base station files used for differential
corrections, electronic data entry forms, corrected GNSS files, and final GIS datasets).

Document all GNSSlerived GIS data pducts with appropriate forms of metadata.

important effects:

Agencies that collect GNSS data will know exactly what is required

Each geny O0GNSS data will contain madata

Agencies that wuse state GNSS dat a
The state will save money by eliminating the need toofkect locational data
The use of GNSS will become more prevalent in state government

W i

have



When you collect and process GNSS data according to these standards (i.e. collect with a mapping-grade
or survey-grade GNSS receiver and differentially correct your GNSS data), it allows your spatial data to be
used by others with confidence, which saves time and money, and contributes to the common good.
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Figure 1. A graphical explanation of the importance of collecting and processing GNSS data according to these data

collection and documentation standards.




2. Position statement

This document is an update to the minimstandards that weeslopted in 1994, and revised in

1999 and 2006, to be used by all state agencies and their contractors using GNSS technology to
generate locational data. The demand for more accurate and precise locational data within North
Carolina stee government will only increase with the continued automation of locational data

sets. GNSS will be the principal tool for collecting locational data used in systechsas

computer modelsr aGIS, for which horizontal geographic accurasyritical. GNSS is an

important and costffective method for locating features too numerous or too dynamic to be
mapped by traditional methods. Therefore, GM&Ppingis being recommended by many

state and federal agencies as the locational data catienethod of choice.

There are thresegment$o GNSS:

e Space segment: The constellation of navigation satellites

e Control segment. The worldwide network of satellite tracking stations

e User segment: The people who use a GNSS receiver to collect locdtitata, navigate,
andbr collect time information (note: satellite navigation systems are based on
very accurate atomic clocks).

GNSS receivers or units fall into two categories: foofessional and Professional. For the
purpose of these standards, pinefessional receivers discussed are used to produce mapping and
survey productsThis document does not address standards for signaele, but is focused on
the use of professional mappigeade receivers and ngmofessional grade receivers for ron
authoritative applicationsThe choice of a GNSS receiver depends upon the intended use and
the accuracy requirement of the GNSS locational data.

e Nonprofessional (previougltgdeej eGNESB tecabBvar
primarily for outdoorsports or recreational activitiemd have horizontal accuracy
requirements that do not meet the state standard for GIS datgprdfeasional receivers
operate in autonomous point positioning mode without the GiSiSed positions being
differentially corrected in either redime or postprocessing.These GNSS receivers are the
least accurate of all the grades.

e A"Enhancedo-grade GNSS aeteivarsthat have been equipped to operate in a
differential GNSS (DGPS) modmuld meestate standardétheir output files documengd
which pointsweredifferentially corrected and the age of the +iale data on each
differentially corrected point

e Mappinggrade GNSS receivers have the capacity for higher acc(saliyoot to five
meter horizontal accuracgnd are designed to facilitate data collection for a GIS program.
Mappinggrade GNSS units use differential correction for high accuracy.

e Surveygrade GNSS receivers also use differential cowadbr the highest accuracy and are
used for surveying tasks that require very high accuraitiif 1 cm).



This document does not address standards for signaele GNSS activities. Agencies involved

in locational data collection must decide whethemairtheir projects require survgyade

accuracy /- 1-2 cm). Surveying activities are governed by strict standards beyond the scope of
this document. This document defines standards fgrouand field collection using GNSSt
doesnotaddress aeridbNSS data collection or control. These standards apply to current GNSS
technology. Thus, hesestandards will require periodic review and possible revision as GNSS
technologies evolve.

There are five (5) main uses for GNSS today:

¢ Navigation: Gettingfrom one location to another

e Position: Determining a basic position using precise locational data
e Tracking: Monitoring the movement of people and things

e Mapping: Attaching coordinates to features, attributes, and metadata
e Timing: Providing precise timing

GNSS techniques are one of the primary tools for locating features on or above the earth's
surface. In North Carolina, government agencies, academic institutions, and private companies
are using GNSS to determine the location of a multitude of featocsding:

e Points: Features such as pollutant discharges and water supply wells

e Lines: Features such as roads and streams

e Areas: Features such as waste lagoons

Before GNSS, such features had to be located with surveying equipment, aerial photographs, or
satellite imagery. Now with GNSS, these features can be located by a single operator using
handheld equipment. However, the accuracy of data collected using GNSS technology is highly
variable depending on field methods, type of equipment, aneppostssing of the data.



When collecting location information for producing maps or GIS data sets, all state

government agencies must:

e Use professionalgrade GNSS receivers

¢ Differentially correct the GNSS derived locational data

e Use the procedure outlinedn Section 6 if a nonprofessional grade GNSS unit is used
for data collection

Professional and neprofessional GNSS units are designed and built for different purposes.
Professional units have been engineered and built to provide accurate locatibnatesrand
efficient collection of attribute information and metadata.

GIS users typically require horizondcuracies within 5 meters or better fieapping features

so that data layers can be overlaid and spatial relationships determinadp#ristive that all

state agencies collect locational data with the knowledge that there may be other users of the data
in the future. Potential users, unknown to the original data collectors, may have accuracy
requirements exceeding those of the colteragency.

Typically, GNSS does not capture vertical positions as accurately as horizontal positions. The
vertical accuracy from a GNSS observation-i ttmesworsethan the horizontal accuracy.
Mapping units should not be used to obtevation valies for applications that require accurate
elevations of less than three (3) meters.

These minimum GNSS data collection and data documentation standards will have four

important effects:

1. Agencies collecting GNSS data will know exactly what is expeftoed their time and effort
spent to collect and document the data with Federal Geographic Data Committee (FGDC)
compliant metadata.

2. Local, state, and federal agencies usitagecollectedGNSS data can do so with confidence
in its quality because thdata will be collected, corrected, and documented according to
standardized procedures.

3. The state will save money by maximizing original locational data collection accuracy and
documentation, which will eliminate the need for additional trips to puslydocated sites.

4. The use of GNSS for collecting locational data will become more prevalent in state
government because GNSS technology, training, and data documentation will be more
consistent and more readily accessible.



The GICC supports the delopment and adoption of standards for the successful collection,
exchange, and use of locational data. GNSS data collection standards are necessary so that state
agencies and their contractors have minimum specifications for collecting GNSS data.

Contractors should be in compliance wittorth CarolinaGeneral Statute Chapter 89C

(Engineering and Land Surveying)
(http://www.ncleg.net/EnactedLegislation/StatutE=RML/ByChapter/Chapter_89C.htniwhen
applicable, with respect to the collection of GNSS data.

GNSS data documentation in the form of metadata is requir@dierto providespatialdata

users with specific information about the lineage spatialdata sefe.g.source, quality, and
conten}. Adequate metadata is required for the appropriate, responsible, and defensible use of
anyspatialdata set.Consequentlyhe GICC has adopted the FGEBContert Standards for

Digital Geospatial Metadava( CSDGM) (http://www.fgdc.gov/metadata/csdgm

10
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3. Global Navigation Satellite System

Global Navigation Satellt System (GNSS) is a generic name for satellite navigation systems
that provide autonomous positioning worldwide. GNSS includes:

e Global systems

System Country URL

Navigation Signal Timing and Ranging ,

Global Positioning SystefNAVSTAR GPS U.S.A. http://www.gps.gov/systems/gps/

GLObal NAvigation Satellite System Russia http://www.glonass

(GLONASS center.ru/en/GPS/
European http://lwww.esa.int/Our_Activities/

Galileo Unioﬁ Navigation/The_future-_

_Galileo/What_is_Galileo
Bediou or Compass China http://en.beidou.gov.cn/
e Regional systems

System Country URL

Indian Regional Navigation Satellite Systen . http://lwww.isro.org/satellites/irnss
India

(IRNSS) SpXx

Sn?cisi:)zilzmth Satellite System(QZSS) or Japan http:/AWww.qzs. jplen/

At the present timé@Varch 2014) GPS and GLONASS are the only sateli@sed positioning
and navigation systems that are fudlyerational.

Background on GPS

GPS, which is a satelltieased positioninghavigation and timingsystem, is a $12 billion

project that was initiated by the U.S. Department of Defense (DoD) in the 1970s for military
purposes. Although DoD still managég system, the use of GPS has spread to a wide range of
civilian and commercial applicationg:or more information, please peruse the following
resources on the Internet:

¢ GPS information resourcesww.gps.gov

e GPS Information: http://www.gps.gov/systems/gps/

¢ How GPS Workshttp://www.gps.gov/multimedia/poster/

e GPS Accuracyhttp://www.gps.gov/systems/gps/performance/accuracy/

11
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The GPS system consists of the following three segments:
e Space: The constellation of 32 (as of December 19, 2013) NAVSTAR satelitgrbit
the earth twice a day at an altitude of approximately 20,200 km (12,500 miles).

Note: Although the original design had 24 satellites, there may be more than 24
satellites in orbit at a given time due to the longer than expected lifespan
of someof the earlier satellites. At the time of this writing, 32 satellites
were in orbit.

e Control: The DoD operated ground stations, data links, and command and control facilities.
e Users: GNSSusers throughout the world on land, sea, and in the air.

The GPSsatellites broadcast highequency radio signals, which contain satellite position and
precise time data, twenfpur hours a day to enable anyone witBdSSreceiver to determine
his/her 3D position, velocity, and time. Each GPS satellite broadbastsignals:

e L1 signal (1575.42 MHz) for Standard Positioning Service (SPS) users (i.e. civilians)

e L2 signal (1227.60 MHz) for Precise Positioning Service (PPS) users (i.e. the military)

The DoDhas continually modernized the system with more advanced satellites as older satellites
become notiunctional. Newer generation satellites are providing a third frequency (L5), a
civilian code on LAL2C), and a military code on all signals. Additioi#ormation on GPS
modernization can be found at the following URL.:
http://www.gps.gov/systems/gps/modernization/

The basis of GPS technology is precise information about time afttbpo To determine a
horizontal or vertical location on earth, signals from at least four (4) satellites are required.
Accurate and precise time is obtained through the use of atomic clocks, which are accurate to
within one (1) second every 70,000 y®aGNSSreceivers calculate the distance to each satellite
by measuring the time interval between the transmission and the reception of a satellite signal.
Once the distance measurements of at least four (4) satellites are kno@N3Be=ceiver uses

the process of trilateration to determine its position.

12
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GPS can be used worldwide, 24 hours a day in all types of weather. While positional
accuracy is very high, it does vary depending on the receiver, field techniques used, post
processing of data, and the following inherent errors:

Error Description

Interference with the GP&dio signals as they pass through the charged particle

Atmospheric the ionosphere and the water vapor in the troposphere.

Ephemeris or
satellite Il nconsi stencies or uncertainties ab
position

Minute discrepanciesia satellite's atomic clock that translate into travel time

Timin
9 measurement errors.

The GPS s-stgighalinedpath as i neflects off objects in the local
Multipath environment (e.qg., trees, fences, and/or buildings) before it reaGieS @receive,
which results in derived distant errors.

The satellite position geometry index for precision (Figure 2):

Positional e Low PDOP (favorable configuration) where the GPS satellites are spread
Dilution of across the sky (leftnage)
Precision

(PDOP) value | ®* High PDOP (less favorable configuration) where the GPS satellites are bu
together in the sky (right image)

Low PDORfavorable) High PDOP(less favorable)

W R
7 S n Y g, o

T~ o " N g
..\>§K",./ Ay

Figure2. A diagram showing the satellite position geometry index for precision, Positional Dilution of
Precision (PDOP):

e Low PDOP (Avorable configuration) where the GPS satellites are spread out across the sk

image)

e High PDOP (less favorable configuration) where the GPS satellites are bunched together i
sky (right image)

Note: Previously, a PDOP value greater than
configuration. In the past few years, technological and software improvements have n
possible for certailGNSSreceivers to extract useful positional informatfoom a set of
GPS satellites with a considerably higher PDOP value, which may or may not involve
extended observation period and/or using carrier signals. Neverthe@¥§user must
not exceed the recommended settings for his/her receiver ancisnft

13



Each of the preceding inherent errors, except for multipath and high PDOP, can be eliarinated
significantly reduced through the use of Differential GPS (DG&8)niquegFigure 1) DGPS
involves the use of a stationary receiver, referred to as a base staiGomrnuously Operating
Reference StatiofCORS that continuously recordsatellite measurements at a fixed and known
location. Since the base statioposition is known, the errors in the signal to each satellite can
be determined by measuring the ranges to each satellite and comparing the measured ranges to
the calculated rages from the known position of the base station. The difference between the
measured range and the calculated range is the differential correction for each satellite that is in
view from t hGNS3aatenma. Bhis aroricarreciion factor inf@tion can be
either:
e Broadcastdby a radio transmitter or transmitted via the internet fortigad differential

correcting byGNSSreceiversequippedwith a radio link or cell phone data link, respectively.

e Stored on an Internet server fuostprocesing (i.e. a5GNSSuser downloasithe
correspondindpase statiodataafter completing th6&NSSdata collectiorand d@sthe
differential correcting procedure on a compter

In contrast, the roving receiver collects measurements (ranges) in the fiekshatvariocations

¢ Reattime differential correctingThe rovingGNSSreceiver applies the broadcast or
transmitted differential corrections to NSSrange observations as they are collected in
order to remove errors in the ranges and improve the accuracy

e Postprocessing differential correctingjhe GNSS user transfers the stored GNSS range
observations from the GNSS receiver to a computer, downloads the corresponding base
station data via the Internet, and uses-postessing software to remoggorsin the ranges
and improve the accuracy

Note: In order for differential correction to work, whether in réaie or postprocessing, the
roving receiver needs to record its measured positions and the exaittatesch
measurement was made. This timinfprmation is then used in the differential
correction procedure to remove the positional error at each instant.

The North Carolina Geodetic Survey (NCGS) maintains the NC GNSS CORS Network. Due to

the fact that NCGS is continually adding new CORS, users are advised tthgmwrentstatus

mapo n tdreandiGNS® web page at the foll owing URL:
http://geodeticsurvey.nc.gov/Pages/CO&RBIGNSS.aspx

14
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The quality of theGNSSreceiver also has a significant impact on positional accuracy. Survey
grade receivers are the most expenaive produce data of the highest precision and accuracy.
Mappinggrade receivers are mrdnge in price and provide sufficient accuracy for most
locational and GIS applications.

Data obtained using neprofessionalgrade receivers, the least expensivetgpreceiver, is the

least accurate. Some nprofessionagrade receivers have add modules that can be used for

reaktime differential correction. Companion ddt@ging and posprocessing software are now

available for a very limited number of theost highend norprofessionalgradeGNSS
receivers. The hori zont gprofessianagade@NSypreceiverss uc h
can in most instances meet the fAwithin 5 mete

Note: The specific type of enhanced noprofessional unit shall have been tested and
approved by NCGS before it can be used for state GIS data collectiofhe cost of
the extra datdogging hardware and peptocessing software required to bring the
accuracy of data collected with a rRprofessionaigradeGNSSunit up to mappingrade
standards begins to approach that of leemd mappinggradeGNSSunits. It is
guestionable whether this approach to acquiBhNfSSequipment is a sound investment.

Without differential correction, the accurasfyanyGNSSreceiver, regardless of grade, will not
meet the accuracy requirements to support the development of locational information for

geographic information systems in North Carolina.

UsingDGPS can result in much greater accuracy, as shown ie TabVertical error is typically
two to three times higher than horizontal error.

Table 1: GNSSreceiver types and horizontal accuracies with differential GPS

Type of Differential GPS Realtime differential | Differential GPS with
receiver capabilities GPS postprocessing
Survey Yes +1cm +1cm

Mapping Yes +1-5m +1-5m

Enhanced non

professional Note' Note? Some open source optiony

Note": Requires external hardware device or built in data collection capacity.

Note’: Requires external radimeacon or buitin capability to receive range corrections.

15



4. Mapping-grade receiver levels
Mappinggrade receiver levels:

e Subfoot mappinggrade

e Submeter (13 feet) mappingygrade

e Subb meter (315 feet) mappingrade

Note: Regardless of the mappiyy ade recei vero6s stated | evel

data must be differentially corrected either in real fjeng. NC Reallime Network
(RTN), Nationwide DGPSNDGPS, or arother real time correction serviocer after
the data is collected by pestocessing.

5. Best practices forGNSSuse
The best practices for usi@NSStechnology include:
e Coordination of purchases with NCGS
e Using the most appropriate grade receiver
e Data collection
e Data processing
e Training
e Operator certification

5.1. Purchasing

State government agencies are encouraged to coordinate their purct@N&Stéchnology

with NCGS. The NCGS staff are aware of the latest developments in the technology and the
relative specifications between product offerings of the vai@SSvendors.

5.2. Using the most appropriate grade of receiver
To select the most appoate GNSSreceiver grade, answer the questions inGNSSreceiver
selection decision tree (Figure 3).

Note: For those applications that requird 8 m (1530 ft) accuracy, an agency could use an
enhanced recreationgtade receiver with either resme differential correction or post
processing. However, the positional data derived from s@$Sreceiver would not
be suitable foanyNC State government database or GIS
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State of North Carolina GPS Data Collection Standards
GPS Receiver Selection Decision Tree Diagram

» Determine GPS Data
Accuracy Requirements.

(1"=2.54 cm)

Start GPS MNote: If there is specific legislation
F attached to the dataset requiring Survey
Planmng Process Grade accuracy arif the dataset must he

_-,J:f" legally defensihle, then those requirements

will mandate the use of Survey Grade GFS,

ar at a minimum, Sub-Foot Mapping Grade
with stringent project control measures.

Sub-Foot
Accuracy?

Are Data
Accuracy
Reguirements
Defined?

MO

Sub-Meter
Accuracy?
-3 ft)

IJse Recreational-Grade
GPS Unit with
WWALS Caorrections

Wil GPS Coordinates Be Used
Only for Emergency Response ar
Operational Mavigation

o Established Locations?

1-5 Meter
Accuracy?

MO

Will GPS Data

Note: This methodology is considerad marginal
ahd iz not suitabla far GPS data sforad in
NC Slate Gov. Dafabases or GiS Systems.

Does data Require
Centimeter Level
H or% Accuracy 7

Does Data Reguire

Does Data Require

Does Data Require

Use Enhanced RecGrade YES 5 5 Be Stored in
GPS w/ Either Real-Time - oes Data
Differential Correction or Reguire 5-10m Ngast;a;:sinv
Post-Processing (4] (15-30 ft ) -
. Accuracy? or GIS System?

Use Survey
Grade GPS

-or- Highest Accurac

VES wi Either Real Time
Differential

Correction or
Post-Processing (1)

YES Mapping Grade Uni
w/ Either Heal-Time
— Differential
Correction or
Post-Processing (2)
YES Use Mapping Grade G
—l- wi Either Real-Time

Differantial
Correction or

YES

Draft Yersion 3.0

Use Survey Grade GPS

Mapping Grade Unit

Uze High-Accuracy

Post-Processing (3)

¥

t

Fs

1/13/08

Figure3. A decision treediagram on how to select the most appropriate GPS receiver grade for conducting a particular Ig

project/task.
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5.3. Capturing data

5.3.1. Static mode

Receiver procedures vary between maddlsus aGNSSus er shoul d foll ow t he
guidelines. In general, a guideline to follow for static point positioning is to collect data at one

(1) second intervals. The amount of data to be collected will vary with the type of receiver from

a minimum numbeof ten (10) readings to a maximum of about one hundred and eighty (180)

readings for very ol&6NSSunits (e.g. GeoExplorer Il series). These readings need to be

automatically stored in the receiver for later downloading onto a computer feprposssingr

the readings need to be differentially corrected in real time and then downloaded onto a

computer.

5.3.2. Kinematic mode

The recommended measurement interval for collecting data in a kinematic mode (i.e. while
moving) i s dependleaqiy shape of thehfeature, mrel tha receivednsodel. e
Therefore, the user should follow the manuf ac
fast moving platform such as an automobile, airplane, or train, the measurement interval shall not
exceed one (1) second. In contrast, if the user is collecting data while walking, the measurement
interval will vary depending on shape of the feature, the receiver model, and any blockages.

These readings need to be automatically stored in the receivatdiodownloading onto a

computer for posprocessing or the readings need to be differentially corrected in real time and

then downloaded onto a computer.

5.3.3. Elevation mask

Greater than fifteen (15) degrees (recommended for older units). No&eveation mask is the
setting to exclude signals from satellites below a certain angle from the horizon. Please refer to
your GNSS recei ver 6-gradmar higher kettihgpbecausd neodemmaegegiversn g
and processing software are designegtileze satellite signals from satellites below fifteen (15)
degrees by filtering out poor signals.

5.3.4. Datum
NAD 83, the state legislated datum

5.3.5. Ellipsoid
Geodetic Reference System 1980 (GRyelpsoid

5.3.6. Satellites
Minimum of four (4)satellites
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5.3.7. Signal to Noise Ratio (SNR)
39 dBHz (recommended)
Pl ease refer to your GNS S-grade ar bighereettilgs man u a |

5.3.8. Positional Dilution of Precision (PDOP)

Less than six (6) (recommended for older units)

Peaese refer to your GNSS r-gradesor higher getting,rhecausea |
modern receivers and their software are designed to utilize less favorable PDOP conditions.

The Positional Dilution of Precision (PDOP) is the satellite positiomgéy index for precision
referring to how close or far apart the satellites are from each other in the sky (Figure 2).
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5.4. Mission planning

GNSSmission planning is an effective method @KSSusers to determine the optimal time to
perform field data collection. Two of the most important factors in obtaining the highest
accuracy in youGNSSdata are having at least four (4) satellites in view at a sufficiently high
elevation above the horizamd having the lowest possible PDOP values. A low PDOP value

indicates an evenly spaced arrangement of satellites in the constellation above the survey site at

the time the data is to be collected. There are certain periods of the day in which litee satel
constellation is in a poor configuration for collecting data (i.e. high PDOP) and should be

avoided. Therefore, it is important to assess satellite availability before heading into the field to

collectGNSSdata. Furthermore, these high PDOP coadgiare exacerbated in mountainous
terrain, heavy forest cover, or urban canyon situations, because satellite signals would be

blocked. Therefore, a user planning to collect data under such conditions should conduct the

mission planning with a higher el#von mask (i.e. 20 or 25 degrees instead of the standard 15
degrees).

Trimble offers mission planning as a free online service withriteble GNSS Planning Online
(http://www.trimble.com/GNSSPIlanningOnline/#/Setting¥he company used to include
mission planning in its processing softwae®S Pathfinder Office
(http://www.trimble.com/mappingGlS/PathfinderOffice.akpas the QuickPlan module, but has
since removed that module. Although the company stilligesva free standlone mission
planning programTJrimble Planning Software v2.9
(http://ww?2.trimble.com/planningsoftware_ts.adibeprogramis no longer listed on the@PS
Data Resourcesebpage ittp://www.trimble.com/Support/GPD_Data_Resourcgsjpandthe
companyhas not updatethe programsince August 2010.

Whether a user utilizes a staalbne program, an integrated module, or an online service, the
mission planning software requires current (less than 2 weeks old) satellite orbit infarmatio

which is broadcasted from each GPS satellite in a file called an almanac. The advantage of using

an online service is that the provider is responsible for using the mtstdape almanac
available. Unfortunately, thErimble GNSS Planning Onlingervice does not post the date and
time of its current almanac file. However, this information can be obtained by visitingG®8ir
Data Resourcesebpage tittp://www.trimble.com/Support/GPD_Data_Resources.paps
examining the filebs information on their
Latest Almanac Data
Latest Almanac files for use with Trimble planning utilities
GPS/GLONASS almanac in Trimble Planning file format
(ftp:/ftp.trimble.com/pub/eph/almanac.gim
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http://www.trimble.com/Support/GPD_Data_Resources.aspx
http://www.trimble.com/Support/GPD_Data_Resources.aspx
ftp://ftp.trimble.com/pub/eph/almanac.alm
ftp://ftp.trimble.com/pub/eph/almanac.alm

The disadvantage of using a staaldne program or an integrated module is that the user is
responsible for obtaining and using the mostasdate almanac available. Fortunately, a current
almanac file caeeasly obtained from the following resources:

e The U.S. Coast Guard Navigation Center (NAVCEMNYS NANUS, ALMANACS, & OPS
ADVISORIESwebpage[fttp://www.navcen.uscg.gov/?pageName=gpsAlmanaiters
almanacs in the following formats:

0 YUMA Almanac- .alm, .txt
o SEM Almanac .al3, .txt

Note CertainGNSSmission planning software may require almanac information in a specific
format. Check youbNSSe qui pment manufacturero6és docum
details.

e A mappinggrade or survegradeGNSSreceiver

Note’A GNSSusershould have his/h&NSSreceiver tracksPSsatellites until the receiver
has reported that an almanac file has been downloaded, which may take 15+ minutes,
before transferring the receivero6s downl oz¢
theusershul d al so verify the almanac fileds d
current.

e AGNSSmanuf adcGN8Sdat asresources web3Pa@awm, such as
Resourcesvebpagelfttp://www.trimble.com/Support/GPD_Data_Resources.aspx

The advantage of using the staaddne program or the module was that the PDOP values
throughout a userodés data collection period co
A graph was useful for quickly determining what parts of the day wuaveé PDOP peaks.

Whereas, #able was useful for knowing exactly when these PDOP peaks would occur. In

contrast, the online version exports data only as graphs.

In contrast, the advantages of using the online version are as follows:
e Itis convenient imot having to download and load an almanac

e The site location can be determined by entering a street address into an-baeeuet
mapping service as well as the coordinates f

e |t provides timelapse maps (globalmapswim t o t he userd6s site) of
electron content (TEC) and scintillation (disruption)
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5.5. Processing data

5.5.1. Processing data settings

5.5.1.1. Units

Meters. North Carolina § 102.1.
(http://www.ncleg.net/EnactedLeqgislation/Statutes/PDF/ByChapter/Chapter_J)0sipdfates,

AAIl coordinates of the systeare expressedinmetres. and t hen TheU.p.ul at es
Survey Foot, 1 meter = 39.37 inches or 3.2808333333 feet, shall be used as a conversion
factoro f or converting between feet and meters.

5.5.1.2. Coordinate system
North Carolina State Plane, the state legislated coordinate system
(http://www.ncleg.net/EnactedLeqgislation/Statutes/PDF/ByChapter/Chapter_102.pdf

5.5.1.3. Vertical datum
North American Vertical Datum of 1988

5.5.2. Timely post-processing ofGNSSdata
GNSSdata may be corrected by two methods:
e Real time corrections from either:
0 NC GNSS Real Time Network (RTNhttp://rtnweb.nc.goy

0 A satellite correction service provider, suchasnistar(http://www.omnistar.com/or
StarFire
(http://www.navcomtech.com/wps/dcom/navcom_en_US/technology/augmentation/starfi
re/starfire.page?).

o Nationwice Differential GPS (NDGPS)
(http://www.navcen.uscg.gov/?pageName=ndgpsMain

e Postprocessing by downloading th@NSS field file(s) from your GNSS receiver to a
computer, downloadin@NSSbase stabn files, and then using desktop software to perform
the differential correction.

In order to posprocess a GNSS field file, the processing software needs base station correction

files, which can be downloaded from tRE€ GNSSRTN Reference Data Shaysing the

following directions

(http://geodeticsurvey.nc.gov/Documents/How_to_download GNSS_base_station_data_from_th

e_NCRTNpdf).

Note:  The NC GNSS RTN Reference Data Shop posts GNSS (GPS + GLONASS) base station files
for only the previous three (3) months in order to conserve spatteeaerver. Therefore, a
spatial data user should pgsbcess his/her field files on a daily or weekly basis.
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Base station files can also be obtained fromNbagonal GeodeticSurvey(NGS) UserFriendly

CORS site (UECORS) (http://www.ngs.noaa.gov/lUFCORS/ a sGP& ®©nl yo fil e (
GLONASS data)or as a GNSS file. A spatial data user may access UFCORS directly
(http://www.ngs.noaa.gov/UFCORS3r from within a frame of a desired CORS webppagsg.
ASHEBORO 2 (NCZO)http://www.ngs.noaa.gov/cgiors/corsage.prl?site=NCZ0O Although

the UFCORS interface is identical whether it is accessed directly or within a frame of a CORS
webpage, this document will cover how to accedsoin within a frame of a desired CORS
webpageio emphasize the fact that UFCORS does not autombétit y s el ect a spati
desired station even if the user accessed UFCORS as a frame from within his/her desired
stationds CORS webpage.

Note: The UFCORS webpage posted the following dated notices:
e Updated: 2014APR-08, Tuesday, 1414hEDT

Augmened GPS (L2C and L5) and GLONASS is now availdiden 2007:208 [2007 JUL
29] -present. No earlier data is available
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The UFCORSdownload webpagénttp://www.ngs.noaa.gov/UFCORSYan be accessed as frame withthes i r ed st ati onds CORS

the following steps:

1. Vi sit t EBERSHEGSSSA we b hpttp:/fgeodeticsurvey.ngovPages/CORANAGNSS.aspx
a. Observer that the network (Figu4) has achieved not only statewide coverage at a det@®IK30 spacing arrangement, but provides
seamless coverage along the Tennessee and South Carolina borders due to a data sharing agreement with those twdaategghboring s
b. Click on the closedtase station to your collection site [e.g. ASHEBORO 2 (NCZO)], which will direct you to the NGS CORS webpage
for that station (e.g. http://www.ngs.noaa.gowcgis/corsage.prl?site=NCZO).
g > _“March 4, 2014
£ - ~ NCSR
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Figure 4. The status map of the NContinuously Operating Reference Station (CORS) Network and the NI ReaNetwork (RTN),

WhICh is also known as the ReEime Kinematic (RTK) Network, showing the location and capability of each CORS:

NC GNSS CORS site (i.e. can receive signals footh the U.S. and the Russian navigation satellites) in the RTN (i.e. cg
accessed in redgime via a data cell phone and accessed forpstessing via the Internet)

NC CORS site (i.e. can receive signals from only the U.S. navigation satellitee)RTN

NC CORS sitenotin the RTN (i.e. cannot be accessed in-teaé, but can be accessed for ppsicessing via the Internet)
NC GNSS CORS site that is being installed and will be incorporated into the RTN

South Carolina GNSS CORS site thaatgessible via the NC RTN

Tennessee GNSS CORS site that is accessible via the NC RTN 24
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file:///D:/X_My%20Documents/Statewide%20Mapping%20Advisory%20Committee_SMAC/Updated%202014/UFCORS
http://www.ngs.noaa.gov/UFCORS/
http://geodeticsurvey.nc.gov/Pages/CORS-and-GNSS.aspx

2. From the NGS CORS Webpage for your Fommmr e .
selected station [e.g. ASHEBORO 2 (NCZCH:D T - )
(http://www.ngs.noaa.gov/cgi — Ay
cors/corsage.prl?site=NCZ(Figure 5), —

which shows vicinity photographs of that | e

[Standasd Bilee — — —

station in a frame (oo E 0 =X = ebpage
ime Series (long:tes u u

a. Cl i ¢k CustomtFieg (UFCORS) | e
link on the left side of the page, which [
will replace the photographsthe frame
(identified with the orange dashed line | Figure 5. The NGS CORS webpader
rectangle) with the UFCORS webpage. ASHEBORO 2 (NCZO).

b. Please observe that UFCORS opens with no station selected (Figure 6). In addition, the
UFCORS download site is a context sensitive form in that it will only ¢fieoption of
downloading GNSS data if you select a station that has a GNSS receiver. Every CORS
in the NCGS CORS Network utilizes a GNSS receiver. However, the following CORS
in North Carolina utilize a AGPS onlyo rec
e PARI_OBS_NG2008 (P779), whic is operated by UNAVCO

(http://www.unavco.org/aboutus/aboutus.html

e GREENSBORO 5 (NCG5) and NEW BERN 6 (NBR6), which are operated by the

U.S. Coast Guard (http://www.navcen.uscg.gov/)
 Notiond Geodetc ur. = ¥ @ Poges- CORS and 1. = & a0 map T ————— |

« C' f [3 www.ngs.noaa.gov/cgi-cors/corsage.pri?site=NCZO B%| =
i Apps & Google Drive [l Corvel- Provider... @ NC Geodetic Sur... € NCGS Database [ FRIS [El Google [E NCFMP

(3 other bookmarks

NCZO @
ASHEBORO 2 National Geodetic Survey - CORS N\
Asheboro, NC \f gy
UsA

S e @ User Friendly CORS (UFCORS)

. y
Comt s ine s | o ey | o s stz
C
T

Download Custom CORS data files
| This utility allows you to obtain @ specific block of Global Navigation Satellite System (GNSS) data, in
Receiver INdependent EXchange (RINEX) format 2.11, for any site in the Continuously Operating

Reference Station (CORS) Network.

SiteLog
Photographs
Data Availability
Standard Files
Custom Files (UFCORS’

Updated: 2014-APR-11, Friday, 1427hEDT

Tf'“e Se"fes short-term| An upgrade of UFCORS to support users who can only use RINEX files with GPS L1 and L2 will be made
Time Series (long-term] o available in approximately 2 weeks. This will extend the funclionality of UFCORS and provide users with
. legacy software with a work around ta confinue processing GPS data from CORS sites

NOTICE

Google Map all CORS UFCORS Home

CORS Home Updated: 2014-APR-08, Tuesday, 1414hEDT
FAQS Augmented GFS (L2C and L6) and GLONASS is is now available from 2007:208-present. Ho earlier
Comments data is available

Enter SitelD

CORS Home

Fields marked with an asterisk (*) are required.

Selection Criteria
*Start Date:
(First available data: Jan 01, 1994)

Year Day of Vear

surtTime: (0000 v Observethat UFCORS does
o iy [ not know what station you

Figure6. The opening UFCORS TR |\t cven when accessed 2
dlalog bOX as a frame Wlthin Available Satellite Systems: a frame Wlthln your SeleCted

theNGS CORS webpage fo adldAz2yQa / hw

‘Coordinate File

NGS data sheet

ASHEBORO 2 (NCZO). io5 Otitein 3PS ot

get CORS data file
Website Qwner: National Geodetic Survey / Last modified by NGSNEECORS Mer 182014
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http://www.ngs.noaa.gov/cgi-cors/corsage.prl?site=NCZO
http://www.ngs.noaa.gov/cgi-cors/CorsSidebarSelect.prl?site=nczo&option=Custom%20Files%20(UFCORS)
http://www.unavco.org/aboutus/aboutus.html

c. Decide on which time zone you will utilize for referencing your data collection time
period as eithe€oordinated Universal Time (UTC), which is basically{Greenwich
Mean Time (GMT), or the local time zone:

e Eastern Standard Time (EST) which isUTC -50rGMT 1 5
~or~
e Eastern Daylight Time (EDT), which isUTC T 4 or GMT -4

Hint: The sooner that you can think in UTC in thel&ur format, the better.

d. Answer the following questions
about youtGNSSdata collection o
period(Figure 7)and then press Start Date z:::;t;;j"te"a
the[Get CORS data file]button: |(rirst available data: Jan 01, 1994) 5014 061

e Start Date: Year Day of Year
Start Time: (0900 -

Fields marked with an asterisk (*) are required.

1). Place the cursor in the
fiStart Dateo field to
activate the pojp

Time Zone: | GMT -5 v

“Curation in Hour{s): |3

*Site ID° | NCZO ¥ |CORS Map
calendar. Sampling Rate: | Asls v
2) Select your starting date *Available Satellite Systems: Al Signal
¥ GPS (L1+L2+4L2C+L5) ¥ GLOMNASS
and then press th®pne] s )
. I rLegacy Applications——
button, which will fill-in GPS (L1+L2 only)

the following fields:
AiYearo a Dag of i
Coordinate File - ¢

Yearo e( Julian Day) MNGS data sheet : &
IG5 Orbits in SP3(c) format :

Optional Files

e Start Time:

1). Place your cursor in the get CORS data fle

VWebsite Qwner: Natienal Geodetic Survey / Last modified by NGS.UFCORS May 28 2014

AStart Timeo f i e |l d Figur@7. The UFCORS dialog box completed to downloag

activate the pojip menu, base station files froMSHEBORO 2 (NCZO).
which offers the starting time hour in the-Bdur format from 0:00 hrs to 23:00
hrs.

2). Select the start time hour in the same time zone as what you will select for the
AT I me Zoptione 0
Continued on the next page.

26



d. Answer the following questions about yaBNSSdata collection period and then press
the[Get CORS data file]button (continued from the previous page):
e Time Zone

1).Pl ace your TimeZoseofield to activatehtlee pdiop menu, which
offerstime zones listed as UTC (GMT),GMTé GMI 2, GMT + 1éGMT
14.

2). Select the time zone that you utilized for referencing your data collection time
period.
e Duration in Hours:
1).Pl ace your DorationsndHoursion f i eé dit o -uprenu, vat e t
which offers 1 to 24our long files in whole hour increments.
2). Select the minimum number of hours to cover your time collection period.
e Site ID:
|l f you do not remember the COR®RI D of you
Mapo | i nk a n @wnttohyeuncolleatiam areado find the closest CORS.
1).)Pl ace your SieuDos ¢ eil il t lmeupimeni.vate t he po
2). Scroll down to your closest station and then select it, which will invoke the
fAvailable Satellite Systemé o pt i desatellde systersstavailable for that
particular station.
e Sampling Rate

1).Pl ace vyour SamplngRatfialdrto attihate thé pepp menu,
which offers the following optiongiAs i s6, 1 second, 5 secol
30 seconds.

2.Seect the AAs i sO0O option.

Note: All the stations in the NCGS CORS Network record GNSS data at the 1
sec rate, which means t hastect hreatfeAds I
option. However, the three North Carolina CORS statilbasare not in
theNCGS network record at the following rates: NBR6 at 5 seconds,
NCGS5 at 5 seconds, and P779 at 15 seconds

Note: Please remember that NGS decimates data files older than 30 days from
the sampling rate that it was recorded at (egpd.intervals) to a 38ec
sampling rate in order to save space on their server. Therefore, process
your GNSSfield data in a timely maner.

Continued on the next page.
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d. Answer the following questions about yaBNSSdata collection period and then press
the[Get CORS data file]button (continued from the previous page):
e Available Satellite Systems:

1). If you collected the data witén old (legacyi GPS onl yo recei ver a
processing software cannot handle GLONASS dathe new GPS signalthen
selectonly theiGPS(L1+L2 only)0 o pt i on.

2). If you collected the data with relativelynewi GPS on | yaadyouecei v er
processingoftware can handle the new GPS signals, but not GLONASS signals,
thenselectonly the iGPS(L1+L2+L2C+L5)0 opt i on.

Note: If your processing software can handle the new GPS signals, it will very
likely be able to handle GLONASS signals.

3). Conversely, ifyou collected the data with a GNSS receiver or collected it with a
AGPS onlyodo receiver and use a processin
dat a, t heGLONASSOe otp tti loen feither theiGPSt i on t o
(L1+L2+L2C+L5) 0 or iGPS (L1+L2 only) 6 GPSoptions.

e Optional files?

o Coordinate File: Yes or No (ot needed for mappingrade, but encourage the
user to download for verificatiyn

0 NGS data sheet: Yes or No (not needed for mappiggade, but encourage the
user to download for verification)

o IGS Orbits in SP3 format: Yes or No (not needed for mappigeade)

3). Download the requested zip file, which will be named CORS ID Julian day.zip (e.g.
nczo061.zip).

Base station files can also be downloaded automatically from UFCORS by using download

scripts withaGNSSpr ocessi ng softwar e GPH BathfindemOffics uc h as
(http://www.trimble.com/mappingGlS/PathfinderOffice.aspx o r  Lera Zerw Office
(http://www.leicageosystems.us/en/LeiZenc Field-Office_79643.hti

Whether a&GNSSuser downloads base station files from UFCORS automatically with a

download scriptorbyivsi t i ng t he UF COR Simelytpbstpsocessimgof i on i s
GNSSdatab f or a reason. I t i shotdelaypddferéntzalyt f or eact
correcting his/her uncorrected field files (i.e. stockpiling them for en masse processing), but

rather to download the necessary base station files and perform the differential correction process

on a daily or a weekly basis, because NGS decimates the sampling rate of each base station
GPS/GNSS file that is over 3faysold fromits original samplingate (i.e.1-secfor NCGS

stations)}o a 30sec rate in order to conserve space on their server.
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5.5.3. Processing ofGNSSdata in real time

5.5.3.1. North Carolina GNSS Real Time Network (RTN)

The NC GNSS RTN is a recommended source oftiesd GNSSdifferential corrections for

GIS mapping by state agencies. In fact, the system is designed to support centimeter (cm) level
survey applicationsThus it is more than robust enough for GIS mapping applications.

A user with a GNSS receiver can connecthte RTN using a wireless Internet connection [i.e. a

data enabled cell phone or a MiFi (i.e. a wireless router that can act as a mebilbdtgipot)].

Once the RTN has determined that the userdos G
coveragear ea (Figure 4), it will then send GNSS c
reattime differential correction.

NCGS developed the RTN with software that can streantirealcorrection signals to

individual users from a locatiespecific sebf the six (6) closest stations within the statewide

NC CORS Network while simultaneously doing the same operation for other users. However,
instead of providing these correction signals as a set of correction signals from these closest
stations,the RTM s sembl es a Avirtual 0 amal gamated st at
closer base stations weighted more than those from the more distant stations.
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5.5.3.2.  Nationwide Differential Global Positioning System (NDGPS)

The Nationwide Differential Glbal Positioning System (NDGPS) began as a United States

Coast Guard (USCG) maritime navigation system that has since expanded inland and become the
wor |l dos | dasgdeGP$ augnremtation dervice covering the continental US, Alaska
(southern coastiawaii, and Puerto Rico (Figure 8).

Nationwide
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Bakersfield AFlagstaft Albuquerque ABSallisaw Greensboro gney Bem
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Figure 8. The coverage area map of the Nationwide Differential GPS (NDGPS) network show
the location of DGPS sites in the network and the coverage areas with coverage fro
e Asingle NGPS statioshown in blue shading
e Multiple NDGPS stations shown with pink shading
Map source: USCG

Currently, the tower sites are positioned at a density of at least single coverage (i.e. being able to
receive signals from at least one tower) throughout néael entire coverage area of the system.
However, the USCG is working to increase that density to double coverage (i.e. being able to
receive signals from at least two towers) throughout the entire coverage area.
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The purpose of the NDGPS is to provide accurate positioning and location information in real
time to meet surface transportatiogvigationneeds (e.g. harbor navigation, emergency response
units, positive train control, etc.). Since the major uses afytbiem are for critical navigation

needs, each NDGPS site monitors the integrity of the GPS signal and will broadcast a warning if
an anomaly is detected. In addition to using the system for navigation, the correction signals can
also be used for a muitide of positioning needsuch aprecisionfarming landsurveying

mapping andscientific applications.

In North Carolina (Figure 9), NDGPS provides statewide coverage from a station in Greensboro
and New Bern as well as from a station in Dandridgenessee; Driver, Virginia; and
Kensington, South Carolina. In fact, most of the state has double coverage.

ALouisvi"e DGPScoverage from the Nationwide DGPS for
North Carolina and the surrounding states

ADriver

rtsvill
il ADandridge ACreensboro

ANew Bermn

Figure 9. The coverage area map of the Nationw
Differential GPS (NDGPS) network in Nort Legend
Carolina and the surrounding states show T .
thelocation of DGPS sites in the network a

the coverage areas with coverage from: “ensington

Single Coverage

e A single NGPS station shown in bly [Revised 5/13] Multiple: Coverage
shading

e Multiple NDGPS stations shown wit
pink shading

Map source: USCG

These differential correction signals can be obtained irtiraal from an NDGPS broadcast
tower site by tuning a navigation radio beacon, which can be purchased froiGN&St

vendors, to either the sitebds transmitting fr
(http://www.navcen.uscg.gov/?pageName=dgpsSitelnfoRAll

e New Bern, NC (294 kHz / ID 771) e Driver, VA (289kHz / ID 806)

e Greensboro, NC (303 kHz / ID 824) e Kensington, SCA92kHz / ID 778

e Dandridge, TN (305 kHz / ID 782)
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The Nationwide Differential Global Positioning System (NDGPS) provileSdifferential

corrections that can yield a horizontal accuracy-8frieters athe 95% confidence levelThus,

it is an acceptable source of differential corrections for GIS mapping by state agencies.

However, since this differential correction procedure is dependent on receiving a radio signal
corresponding to each collected GRSSifon, the user must set tGdNSSr e c e i v-tmmedé s r e a l
settings with the following cascading search protocol:

1. Search for a NDGPS signal

2. If an NDGPS signal is not received, then use uncorrected GPS.

Since it is impractical to check to see if each colleszd GNSSposition was differentially

corrected in reaktime via an NDGPS signal, the user will still need to pogirocess the

collectedGNSSfield data to ensure that each collecteGNSSposition has been

differentially corrected. Basically, when NDGPS igsed for:

¢ Mapping, the realime corrections can create a good map of the mapped positions for the
user to viewwhile collecting data, but this map may contain uncorrected positions. Hence
the need to posgirocess afterwards.

e Navigation, the realime carection signals can be used to guide the user to the target site. If
the receiver loses the signal during the navigation process, then the receiver should report a
message | ike AOl d navigation. o

Although the system is led by the USCG, it is an interagenollaborative with the following
partners(http://www.navcen.uscg.gov/?pageName=dgpshain
e  US Department of Transportation (DQhttp://www.navcen.uscg.gov/?pageName=ndgpsMain

e US Army Corps of Engineers (USACE)
http://www.navcen.uscg.gov/?pageName=ArmyCorpsEngineers
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5.5.3.3.  Wide Area Augmentation System (WAAS)

The Wide Area Augmentation System (WAAS) is not an acceptable sole source of differential
corrections for GIS mapping by state agencies due to

e Signal interruption problems from trees, buildings, and mountains

e Lower quality mapping accuracy (7 m)

Whenusing WAAS as a source of differential correctiamshe field the data musttill be post
processed to verifty that all data has been corrdgiedse theprocedure outlined in section
5.5.2. Timely postprocessing of GNSS dafa

Yet, the two high quigy WAAS-based mapping receivers that are on the market now [SX Blue
(http://sxbluegps.comby GENEQ incand ikeGPSHttp://www.ikegps.com] and their
accompanying software paclemg[PCMapper http://sxbluegps.com/productAmeapper) and
ikeDesktop 2.0Http://www.ikegps.com/ikegps/ikedesktdjdre designedbr users to nbpost
process.However, GENEQ incstatelo n  Tethsiolofilp webpage
(http://sxbluegps.com/technologyhattheywill provide High AccuracySolutions
(http://www.sxbluegps.com/surveccessoriepp.htm) for those who need information on how
to collect data that can be pgsbcesse@nd informationabout é speci fi c L1 carri e
software for the pogtrocessing)but the linkwa s d i v e r Preddct Quoterdquest for A
information formwebpagelfttp://sxbluegps.com/produquote). [Please see the note in the
middle of p. 15 discussing the added costs of working with enhancegrof@ssional grade
receivers.]

If a WAAS-based receiver and its accompanying software package exist that can -be post
processed, the user would need tbtse GNSSr e ¢ e i v -imeGattingsattathe following
cascading search protocol:

1. Search for a WAAS signal

2. If a WAAS signal is not received, then use uncorrected GPS.

Basically, when WAAS is used for:

e Mapping, the realime corrections can create a good map of the mapped positions for the
user to viewwhile collecting data, but this map may be contain uncorrected positions. Hence
the need to pogirocess afterwards.

¢ Navigation, the realime correctiorsignals can be used to guide the user to the target site. If
the receiver loses the signal during the navigation process, then the receiver should report a
message | i ke A0l d navigation. 0
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WAAS was developed by the Federal Aviation Administration (FA#J the Department of

Transportation (DOT) for en route and precision approach aircraft navigation, because

unaugmented GPS alone cannot provide the positional accuracy to meet FAA's navigation

requirements for accuracy, availability, and integrity. WAA&ktes each of these requirements

accordingly:

e Positional accuaracy is achieved by providing differential correction to remove GPS signal errors
caused by ionospheric disturbances, timing, and satellite orbit errors.

e Availability is achieved byroadcasting the differential correction signals from two (2)
geostationary satellites positioned over the U.S.

e Integrity is achieved by monitoring the GPS signals to ensure that the corrections being transmitted
are correct.

On 10 July 2003, FAA declarafAAS operational for aviation safetyf-life use in the U.S.

National Airspace System (NAS) by providing

e En route navigation across the entire NAS

e Vertical guidance performan¢calizer performance with vertical guidangé>V)] to
most of the contineat U.S.
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Thesystem (Figure 10) utilizes network of preciseHocated groundVide-area Reference

Stations (WRSpositioned across the continental U.S., Alaska, Hawaii, Puerto Rico as well as
additonal stations in Canada and Mexico. These stations collect and process GPS satellite data
and send this data to either of the théide-area Master Station (WMS)hich alculates GPS
correction messages and then sends these message&touhd Uplink Stations, which in turn
transmit these correction signals to the three WAAS satellites, which in turn broadcast these
correction signalsising the same frequency as theSEHatellitedack to the earth fan route

and precision approach aircraft navigation

Figure 10. The basic design of the Wide Area Augmentation System (WARE):{/www.nstb.tc.faa.goy/
GPS satellites (shown at the top of the image) broadcaakBgsignals towards the earth.
Wide-area Reference Stations (WRS) (shown as yellow circles in the U.S. and dark blue circles in
Canada and Mexico) receiving GPS signals, which are then sentdloskst Widearea Master Station
(WMS) (shown as a rectangular server icon)

WMS calculates correction signals and transmits them to the Ground Uplink Stations (shown as a
parabolic antenna icon)

The Ground Uplink Stations transmits the signals to thet'WAAS satellites (shown at the bottom of
the image as the two GEO Satellites)

The WAAS satellites transmits the correction signalsforoute and precision approach aircraft
navigation
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